Introduction
============

Coronaviruses are RNA viruses, and may infect the respiratory, gastrointestinal, hepatic and central nervous systems of humans, livestock species, avian species, many mammals, and wild animals.^\[[@R1]\]^ In humans, infection by four coronaviruses, namely HCoV-229E, HCoV-OC43, HCoV-NL63, and HCoV-HKU1, usually lead to mild, self-limiting upper respiratory tract infections.^\[[@R2]\]^ However, other coronaviruses, such as those associated with severe acute respiratory syndrome (SARS) and Middle East respiratory syndrome (MERS), may cause severe respiratory disease, and have caused a total of more than 10,000 laboratory-confirmed cases globally in the past two decades, with a 10% and 34.4% case-fatality rate, respectively.^\[[@R3],[@R4]\]^ In December 2019, the 2019 novel coronavirus (2019-nCoV), present with clinical manifestations in humans resembling that of viral pneumonia.^\[[@R5]\]^ By February 25, 2020, about 77,780 confirmed cases have been identified in China, with 2666 deaths. Worryingly, 2459 confirmed cases of coronavirus disease 2019 (COVID-19) have now been identified outside of China.^\[[@R6]\]^

Symptoms of infection are non-specific, and include fever, cough, and myalgia,^\[[@R7]\]^ with diarrhea, with or without the subsequent development of dyspnea.^\[[@R8]\]^ Severe cases with respiratory distress, sepsis, and septic shock have been reported.^\[[@R9]\]^

During the SARS epidemic of 2003, therapeutic systemic glucocorticoids were widely administered in patients who were infected with the severe acute respiratory syndrome coronavirus (SARS-CV), and who subsequently developed severe respiratory disease. One cohort study of patients during the SARS outbreak showed that the use of pulsed high-dose methylprednisolone was associated with clinical improvement in patients with SARS.^\[[@R10]\]^ In another study of 20 patients with SARS, certain cytokine levels (interleukin-8, monocyte chemoattractant protein-1, and Th1 chemokine interferon-γ-inducible protein-10) were found to be reduced after 5 to 8 days of glucocorticoid therapy.^\[[@R11]\]^ However, a previous retrospective study indicated that pulsed doses of methylprednisolone was a risk factor associated with increased 30-day mortality (adjusted odds ratio 26.0; 95% confidence interval, 4.4--154.8; *P* = 0.001).^\[[@R12]\]^ In addition, a further retrospective observational study found that glucocorticoid therapy in patients with MERS was associated with delayed Middle East respiratory syndrome coronavirus (MERS-CoV) RNA clearance.^\[[@R13]\]^ The clinical, therapeutic, and other effects of systemic glucocorticoid therapy in patients with COVID-19 is not currently clear, and the case for and against the use of systemic glucocorticoids in severe cases of COVID-19 warrants further investigation.

Our study proposes to investigate the effectiveness of glucocorticoid therapy in patients with severe COVID-19. Our major objective is to observe whether there is a clinical necessity, or therapeutic justification, for the use of systemic glucocorticoids in patients with severe COVID-19.

Methods
=======

Ethics and dissemination
------------------------

The study was approved by the Ethics Committee of the Chongqing Public Health Medical Center (No. 2020-003-01-KY). We will publish the results of our study in medical journals at the conclusion of the study. No patient names will appear in any published articles, and no access to the data may be obtained, with the exception of the researchers and members of the Hospital Ethics Committee.

Study design
------------

This study will be conducted as an open-labeled, randomized, controlled trial. We will enroll 48 subjects from the Chongqing Public Health Medical Center for this study. This protocol has been written and devised in accordance with the Standard Protocol Items: Recommendations for Interventional Trials statement.^\[[@R14]\]^ The enrolment, intervention, and assessment processes are described in Figure [1](#F1){ref-type="fig"}.

![Stratification flowchart of selection, randomization and follow-up of subjects with severe coronavirus disease 2019 (COVID-19) with or without glucocorticoid therapy.](cm9-133-1080-g001){#F1}

After obtaining informed consent, all subjects in each group will be invited for 28 days of follow-up, which will be scheduled at four consecutive visit points \[Table [1](#T1){ref-type="table"}\]. Blood and urine samples will be collected for laboratory testing, including hematologic analysis, urinalysis, clinical chemistry studies, electrolytes, coagulation testing, myocardial enzymes, C-reactive protein, erythrocyte sedimentation rate, procalcitonin, cluster of differentiation 4 (CD4) cell counts, CD8 cell counts, blood gas analysis, and 2019-nCoV real-time reverse transcription-polymerase chain reaction (RT-PCR). All items considered and tested for during the follow-up period are listed in Table [1](#T1){ref-type="table"}.

###### 

Follow-up schedule for patients with or without glucocorticoid therapy in severe novel coronavirus pneumonia reflecting epidemiologic, clinical, hematologic, and radiologic patient data.

![](cm9-133-1080-g002)

Adverse events
--------------

Adverse events (AEs) are defined as undesirable outcomes experienced by patients during the study, whether or not related to treatment with glucocorticoids. All AEs described by patients or observed by the medical team will be duly documented. All serious AEs will be documented in detail, and the investigators will be notified as soon as possible. AEs will be recorded in both the clinical history of the patient and the case report form, with appropriate medical terminology. All AEs will be expeditiously resolved. Short-term glucocorticoid therapy usually causes mild side effects, including hypokalemia, glucose intolerance, hypertension, pancreatitis, cutaneous, hematologic, immunologic, and neuropsychologic effects.^\[[@R15]\]^ The above mild side effects are reversible upon discontinuation of glucocorticoids. Side effects associated with long-term glucocorticoid use are not considered relevant for this study, because of the short duration of the glucocorticoids prescribed in this study (3 days).

Participants
------------

### Diagnostic criteria

The diagnosis of severe COVID-19 in subjects will have to meet the following criteria^\[[@R16]\]^:

1.  Identification of 2019-nCoV via RT-PCR in blood samples, sputum samples, bronchoalveolar lavage fluid or nasopharyngeal swab samples.

2.  Having at least one of the following conditions:

    1.  respiratory distress (≥30 times/min);

    2.  oxygen saturation ≤93% at rest;

    3.  arterial partial pressure of oxygen (PaO~2~)/fraction of inspiration O~2~ (FiO~2~) ≤300 mmHg (1 mmHg = 0.133 kPa);

    4.  respiratory failure requiring mechanical ventilation;

    5.  septic shock development;

    6.  critical organ failure requiring intensive care unit care.

### Inclusion criteria

Subjects will be included in our study if they satisfy the following criteria:

1.  Aged 18 years or over;

2.  Severe COVID-19;

3.  Be willing to give informed consent.

### Exclusion criteria

Subjects will be excluded from the study if they satisfy the following criteria:

1.  Are allergic or intolerant to any therapeutic drugs used in this study;

2.  Pregnant or lactating women;

3.  Presence of severe systemic illness that may affect the effectiveness or safety evaluation for this study.

### Randomization

Microsoft Excel 2013 (Microsoft Corporation, Redmond, WA, USA) will be used to generate random numbers for each subject with consent. Once eligibility has been confirmed, the investigators or designers will randomize the subjects into a control group and an intervention group, at a 1:1 ratio.

Data collection and quality assurance
-------------------------------------

All results will be recorded and entered twice independently. All data will be documented on case report forms and immediately recorded in the Excel database. Any missing values will be verified to ensure completeness and accuracy of data as much as possible. Data that are obviously abnormal or beyond the upper limit of normal (laboratory items exceeding 20% of the normal value) must be explained, and the necessary explanation must be given by the physician. Drop-outs and AEs will be recorded in a timely manner, and drugs used for trial will be supplied, stored, distributed, and recycled according to relevant regulations. After the data lock record is signed by the principal researcher, sponsor, statistical analyst, and data manager, the data administrator will perform a database lock.

Intervention
------------

All subjects will receive conventional treatment for COVID-19 according to the guidelines for diagnosis and treatment of COVID-19 (version 6). Patients randomized to the intervention group will receive methylprednisolone (intravenous injection, 1--2 mg/kg/day for 3 days), whereas those in the control group will not receive glucocorticoid therapy. Discontinuation of the regimen may occur for those participants who have no substantial improvement after a full course of treatment, or for those subjects whose clinical condition deteriorate during the course of treatment.

Study endpoints
---------------

The primary endpoint is the change in sequential organ failure assessment (SOFA) at 3 days after randomization.^\[[@R17]\]^ The secondary endpoints are: proportion of mechanical ventilation use at 2 and 4 weeks, mortality at 2 and 4 weeks, and duration of hospitalization.

Sample size
-----------

This trial is a randomized controlled trial with two parallel groups, without masking, and with a 1:1 allocation ratio. Up to now, no randomized controlled trials have evaluated changes in SOFA scores in patients with 2019-nCoV infection with or without glucocorticoid therapy. The sample-size calculation is based on the primary hypothesis of detecting a reduction of 40% in SOFA scores between the treatment and non-treatment groups after 3 days of glucocorticoid therapy. PASS software version 15 (NCSS, LLC; Kaysville, UT, USA) will be used with a power of 80% and a level of 95% confidence. Considering a dropout rate of 5%, the sample size is estimated to be 24 cases in each group. A randomized controlled trial in 2003 aimed to compare the plasma SARS-CoV RNA concentrations in patients in an early hydrocortisone-treated group with patients in a placebo group.^\[[@R18]\]^ This study only enrolled a total of 17 subjects because it was conducted at the end of the SARS outbreak, and fewer appropriate patients were available to be recruited. Taking into account the uncertainty of the duration of the outbreak, the final sample size may be adjusted. Currently, Chongqing has a relatively small number of confirmed cases of COVID-19, and an even smaller number of severe cases of COVID-19. It is hoped that we do eventually recruit a cohort of 48 patients for our study, but we may have to settle for an even smaller cohort, should suitable subjects not be available.

Statistical analysis
--------------------

The primary outcome analysis will be presented for the intervention group and control group using descriptive statistics. The normality of the data distribution will be evaluated by the Kolmogorov-Smirnov test. Continuous variables will be described as mean values with standard deviation (mean ± standard deviation), and will be analyzed using the *t* test for independent samples. Categorical variables will be analyzed using the Chi-squared test or Fisher\'s exact test. To verify the magnitude of the difference, the relative risk of success will be estimated in the intervention group and control group, and its confidence interval will be set at 95%. Values of *P* \< 0.05 will be considered to be statistically significance. All the analyses will be performed using the SPSS software version 24 (SPSS Inc., Chicago, IL, USA).

Discussion
==========

Since 2019-nCoV was first reported in December 2019,^\[[@R19]\]^ it has attracted global attention owing to its similarity to SARS-CoV and MERS-CoV in causing fatal respiratory disease, and its potential for propagating large-scale human infection and economic disruption. Systemic glucocorticoid therapy could be considered for critically ill patients with COVID-19, but their impact on clinical outcomes is uncertain.^\[[@R16]\]^ Available data on systemic glucocorticoid therapy among coronavirus-infected patients mainly comes from studies of patients with SARS and MERS, but whether glucocorticoid therapy is definitively beneficial in the clinical management of these two coronavirus infections is still being debated.^\[[@R13],[@R20],[@R21]\]^

Glucocorticoid therapy was used in the treatment of severe SARS because early anecdotal experience supported it, and radiologic findings and histologic features of critically ill patients with SARS were similar to those of patients with acute respiratory distress syndrome (ARDS).^\[[@R22]--[@R25]\]^ As early as March 2003, China first summarized its experience in the management of SARS, and suggested that high-dose glucocorticoids should be used if patients had fever persisting for more than 3 days, or radiologic findings were suggestive of persistent lung involvement or progressive deterioration.^\[[@R26]\]^ There were three different regimens used by physicians in Hong Kong, China including methylprednisolone (1--2 mg/kg qid or 2--4 mg/kg tid IV followed by oral prednisolone for varying periods and of disparate dosages, as per clinical evaluation), hydrocortisone (2 mg/kg qid or 4 mg/kg tid IV followed by oral prednisolone for varying periods and doses as per clinical evaluation), and pulsed methylprednisolone (500 mg IV daily for 5 days followed by maintenance oral prednisolone 50 mg bid, reduced to 20--30 mg daily on day 21 and as per clinical evaluation).^\[[@R27]\]^

Some suggested glucocorticoid therapeutic doses during the SARS outbreak were very high, approximating the treatment doses for acute severe asthma, and some prescribed doses were similar to those prescribed for organ rejection in transplant patients, or for ARDS.^\[[@R23]\]^ One study compared pulsed glucocorticoid therapy (methylprednisolone ≥500 mg/day) with non-pulsed glucocorticoid (methylprednisolone \<500 mg/day) therapy, finding that pulsed glucocorticoid therapy appeared to be a more efficacious, with patients using pulsed glucocorticoid therapy having lower oxygen requirements, better radiographic outcomes, and decreased likelihood of requiring rescue. Unfortunately, the stated study was not a randomized controlled trial, and is thus open to the possibility of bias having an impact on outcomes.^\[[@R23]\]^ However, there were also staunch advocates for not using systemic glucocorticoids in these patients. One systematic review of studies on patients with SARS-CoV, including 29 studies documenting glucocorticoid use, found 25 studies that were inconclusive regarding the role of the adjunctive use of glucocorticoids, and four studies demonstrated that the use of systemic glucocorticoids in patients with SARS may cause possible harm.^\[[@R28]\]^ A prospective, randomized double-blinded, placebo-controlled trial compared early hydrocortisone treatment (before day 7 of the illness) with placebo, finding that early hydrocortisone therapy was associated with a higher subsequent plasma viral load.^\[[@R18]\]^ Meanwhile, many possible complications of glucocorticoid use, such as profound immunosuppression, with the possible emergence of severe commensal and other viral and bacterial infections, invasive fungal infections, osteonecrosis, and psychosis may occur with prolonged and high-dose glucocorticoid therapy.^\[[@R29]--[@R34]\]^

Glucocorticoid therapy was also commonly used for critically ill patients with MERS. In one study, hypoxemic patients with MERS-CoV pneumonia who had moderate levels of positive end-expiratory pressure were initiated on glucocorticoid therapy.^\[[@R13]\]^ In these patients, there was no difference in 90-day mortality, and these patients were associated with delayed MERS-CoV RNA clearance. Many patients with severe MERS were treated with systemic high-dose glucocorticoids intending to reverse the progression of respiratory distress and to prevent lung fibrosis. However, this approach has not been proven to be successful.^\[[@R35]\]^ One study, including a total of 314 patients with symptomatic MERS-CoV, found that glucocorticoid use was associated with increased mortality in these patients.^\[[@R36]\]^ A retrospective cohort study compared 151 patients in the glucocorticoid group with 158 patients in the non-glucocorticoid group, finding that mortality in the glucocorticoid group was similar to that of the non-glucocorticoid group, but that glucocorticoid therapy was associated with delayed MERS-CoV RNA clearance, after adjustment for baseline and time-varying confounding factors.^\[[@R13]\]^

After infection with 2019-nCoV occurs, some patients develop mild symptoms, but a significant fraction of patients progress to severe ARDS and require intensive care.^\[[@R7],[@R37]\]^ The use of glucocorticoids in patients with ARDS is still controversial because of divergent results in the existing literature.^\[[@R38]\]^ High-dose glucocorticoid is one of the most frequently used adjuncts in ARDS (17.9%) in 50 countries, even though their effectiveness in the management of acute lung injury is not yet clear.^\[[@R39]\]^ One systematic review conducted an analysis of individual patient data from randomized trials, and demonstrated that compared with the placebo group, prolonged glucocorticoid treatment did improve clinical outcomes.^\[[@R40]\]^ Another randomized controlled trial showed that glucocorticoid therapy could down-regulate ARDS-related inflammation, and was associated with significant improvements in lung and extrapulmonary organ dysfunction, as well as reduce mechanical ventilation duration and intensive care unit hospital admission duration.^\[[@R41]\]^ Studies by Meduri *et al*^\[[@R42],[@R43]\]^ found that prolonged methylprednisolone treatment may complement positive modulation of systemic inflammation by inducing recovery from induced glucocorticoid resistance, and co-existing decreased production of endogenous glucocorticoids.^\[[@R42],[@R43]\]^ Animal experiments in recent years have provided evidence for the use of glucocorticoids to reduce inflammation, the attenuation of acute lung injury, and reduction in mortality during the acute phase of severe disease.^\[[@R44],[@R45]\]^ However, other studies have suggested that glucocorticoid therapy in ARDS is not necessary, and may even aggravate the clinical picture. The use of hydrocortisone improves lung function in sepsis-associated ARDS, but no significant survival benefit has been observed in these patients.^\[[@R46]\]^ A higher mortality rate has been observed in patients with ARDS who took high-dose glucocorticoids within 7 days after hospital admission, compared with those who were treated without high-dose glucocorticoid.^\[[@R47]\]^

Existing studies on ARDS have not assessed the effects of glucocorticoids in identical types of patients, or identical processes of the disease.^\[[@R48]\]^ Therefore, the results for these studies cannot be considered to be congruent. Adjunctive glucocorticoid therapy in specific diseases causing ARDS, such as *Pneumocystis jirovecii* pneumonia, has been shown to reduce mortality in adult patients.^\[[@R49]\]^Additionally, the dosage of the glucocorticoid used needs to be factored in. High-dose glucocorticoid therapy may increase ventilator dependence, and may possibly induce a worse outcome.^\[[@R50]\]^ The development of osteonecrosis was discovered in patients receiving high-dose glucocorticoids during the SARS epidemic in 2003, and the number of osteonecrotic lesions was directly related to the dosage of the glucocorticoid prescribed.^\[[@R51],[@R52]\]^ Additionally, high-dose glucocorticoid use is one of the causes for neuropsychiatric outcomes in patients with SARS.^\[[@R53]\]^ It has been noted that if lung injury has been effectively controlled, appropriate doses of glucocorticoids based on disease severity may be beneficial for better outcomes of SARS.^\[[@R10],[@R21]\]^ In our study, we will investigate whether the use of mid-dose and short-course adjunctive glucocorticoid therapy to treat severe COVID-19 is advantageous, safe, and effective.
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